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(57) Abréegée/Abstract:
The Invention concerns a method whereby components are arranged in a mounting device, outside an internal high-pressure
forming press, In accordance with their position and their function, such that they are linked to one another. The mounting device
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(57) Abrege(suite)/Abstract(continued):

comprises an upper part and a lower part including cavities identical to the cavities of the internal high pressure tool. Once the
components have been installed, the mounting device Is introduced In the internal high-pressure press, then the upper part or the
lower part of the mounting device Is withdrawn, the part of the mounting device remaining in the internal high-pressure press being
displaced against the upper tool or the lower tool. For the forming process, the components are maintained in a part of the tool by
depression or by clamping, then the part of the mounting device Is removed from the internal high-pressure press, thereby ensuring

high precision positioning of components. Additionally, the production rate is substantially increased. The invention Is particularly
applicable for the production of cam shafts.
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Abstract

The invention concerns a method whereby components are arranged
iﬁ_a mounting device, outside an internal high-pressure forming
press, in accordance with their position and their function,
such that they are linked to one another. The mounting device
comprises an upper part and a lower part includiné cavities
identical to the cavities of the internal high pressure tool.
Once the components have been installed, the mounting device 1is
introduced in the internal high-pressure press, then the upper
part or the lower part of the mounting device is withdrawn, the
part of the mounting device remaining in the internal high-
pressure press being displaced against the upper tool or the
lower tool. For the forming process, the components are main-
tained in a part of the tool by depression or by clamping, then
the part of the mounting device is removed from the internal
high~pressure press, thereby ensuring high precision position-
ing of components. Additionally, the production rate 1is sub-

stantially increased. The invention is particularly applicable

for the production of cam shafts.
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Method For Loading Internal High Pressure
Forming Presses and, Device Therefor

The 1invention relates to a method for feeding hydroforming
presses (internal high pressure forming presses) in order to
produce workpieCes which are composed of a plurality of parts,
preferably camshafts, in a hydroforming process which is known
per se. The hydroforming process is used to nonpositively and
positively connect cam rings and also other components, such as
drive elements, to one another. The hydroforming press which
carries out the method is equipped to receive at least one

workplece, i.e. a camshaft which comprises a hollow shaft with

the cam rings which are to be applied to it.
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The hydroforming process generally changes the geometry and
dimensions of workpieces which are hollow through the action of
a pressurized medium (air, liquid). These axial forces deform
the workpiece to the extent which is predetermined by the mold,

also known as the mold nest, in the hydroforming press.

Hydroforming presses of this type have two dies, a lower die
and an upper die, the mold nests of which, in the closed state,
correspond to the shape ©of the overall workpiece, the camshaft

with the cam rings arranged appropriately. In general, the die

1s parted i1in the center.

There are various known designs of hydroforming processes and
their dies, but these all operate according to the same princi-
ple. The workpieces which are to be treated are put in place
and the internal pressure deforms them. It is preferable to
produce rotationally symmetrical workpieces. The process it-
self, the hydroforming operation, takes place in an extremely
short time, but the ancillary times, 1in particular the feeding

of the hydroforming press, are lengthy, which ultimately means

that the cycle time is long.

It has already been attempted to produce camshafts from a hol-
low shaft and cam rings secured to it. In this case, the load-
ing time 1is very long, since the cam rings have to be placed
very accurately in their position, i.e. 1in accordance with
thelir subsequent function, and their position (angular posi-
tion) must not change as a result of the shaking and vibrations
which occur in the hydroforming press. An additional factor is
that the position of some cam rings, on account of their shape,

1s very labile, and in particular these rings are at risk of
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changing position. Even if a correct, functionally appropriate
position of the cam rings is checked using gauges or other
checking means after they have been placed into the hydroform-
ing press, it is impossible to rule out the possibility of the
position changing when the die is closed. A change in position
of just one cam ring has serious consequences. The cam rings
are hardened, and if they are incorrectly positioned 1in the
mold nest they will destroy the die and will also be damaged
themselves, rendering them unusable. Since the dies are very
expensive, damage of this nature is to be ruled out at all
costs. Since the aim is to increase the productivity of hydro-
forming processes, the dies are also designed 1in such a way
that they receive a plurality of workpieces. Of course, there
are limits on this expansion, since the supply and control of
the pressurized medium entails further measures and 1ncreased

outlay, which in turn increases the costs of the hydroforming

press and ultimately also the process costs.

These drawbacks do not occur to such an extent 1in the case of
deformation of simple, rotationally symmetrical workpieces, but
do so more with complicated workpieces, such as camshafts,
which on account of their function require a very high degree
of accuracy. Slight changes in the position of cam rings even
just as a result of the force of gravity, which has a particu-
larly critical effect in connection with machine vibrations
when the cam rings are positioned with the tip of the cam fac-
ing upward and in an angle which deviates from the vertical,

have to be eliminated, and this is almost impossible with the

known methods used to feed the hydroforming press.
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DE 36 43 803 Al discloses an assembly apparatus for assembled
camshafts, and assembly methods. The document discloses a
mounting apparatus for assembled camshafts, having a holding
apparatus for axially fixing individual elements, such as cam
disks, bearing seats or gearwheels, and a pressure-medium sen-
sor for hydraulically widening a hollow shaft in sections 1in
which the elements and the hollow shaft are connected to one
another in a nonpositive manner. Individual fixing disks are
provided for the holding apparatus, each having a central open-
ing for receiving one of the elements, such as cam disks, bear-
ing seats or gearwheels, and an external bearing seat for being
received in each case in one bearing location of the holding
apparatus. The individual elements can be fixed at the appro-
priate angle prior to mounting by means of these fixing disks,
while the hollow shaft can execute radial movements with re-
spect to the individual elements. This known mounting apparatus
therefore comprises a lower part and an upper part, with iden-
tical mold nests for receiving parts being formed in the lower
part and upper part and the lower part and upper part being
connected in an accurately fitting manner. Positioning elements
are arranged on the upper and lower parts at the locations 1n
the upper part and/or lower part where it 1is necessary to se-
cure the parts in position, these positioning elements ensuring

that the upper and lower parts are connected to one another in

an accurately fitting manner.

Furthermore, the laid-open specification cited above discloses
a method for assembling a camshaft. In this method, all the
parts of the camshaft are placed into the lower part of a
mounting device, which comprises a lower part and an upper

part, in a positionally and functionally correct manner; the
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spatial and functionally correct position of the parts 1is
checked; the upper part of the mounting device is placed onto
the lower part; the parts are nonpositively and positively
connected in the predetermined position in the mounting device
by clamping; the upper part of the mounting device 1s then,
together with the parts held therein, put down on the lower die

in the precisely defined position by means of positioning ele-

ments.

The invention is based on the object of providing a method for
feeding hydroforming presses which allows a workpiece which 1is
not rotationally symmetrical and is composed of a plurality of
individual parts, preferably a camshaft, to be produced 1in a
known hydroforming process, while ensuring the high degree of
accuracy required with regard to the position of the cam rings.
Furthermore, it is intended to significantly reduce the ancil-
lary time required to feed the hydroforming press, in order to
increase the productivity of the method and of the hydroforming
presses. A further increase is also to be made possible by
virtue of the method being configured in such a way that a
plurality of workpieces can be produced in a single cycle. The
method is intended to rule out the possibility of the workpiece

and/or parts thereof and the hydroforming press being destroyed

or damaged.

The basic structure and operation of the hydroforming press are
to be retained and matched to the method according to the in-
vention without any significant increase in costs. The device
for carrying out the method is to form part of the hydroforming
process, i.e. it is to be functionally connected to the hydro-

forming press in such a manner that the overall hydroforming
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process can be carried out more economically. The device 1s to

form an indirect part of the hydroforming press and 1is to -be

used directly for carrying out the method.

According to the invention, the object is achieved, 1n terms of
the method, by means of the features described in claim 1, 2 or
3, and in terms of the associated device by means of the fea-

tures described in claim 5. Advantageous configurations are

described in claims 4 and 6 to 13.

The basic principle of the method consists 1in taking part of
the overall method, i.e. a method step in which one or more
workpieces are produced simultaneously, out of the hydroforming
method, also known as the cycle. The assembling of the shaft
together with the cam rings which are to be fitted to it and
are to be connected to one another, as a method step which
precedes the actual hydroforming process, is taken out of the
cycle in this manner, as a result of all the parts which belong
to the finished workpiece being placed in their functionally
correct position in a mounting device. This includes not only
this positioning operation but also test processes which are
matched to the method and workpiece. Then, the positioned
parts, having been secured such that they cannot change posi-
tion in an unacceptable way in the mounting device, are con-
veyed into the open die in the hydroforming press. The two-part
mounting device has the same mold nests for receiving cams and
other components which are to be mounted as the die of the

hydroforming press.

Clamps and/or suction devices arranged in the upper part of the

mounting device ensure that all parts (hollow shaft, cam rings,
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drive elements) are fixed in place. The upper part 1s placed
onto the lower die of the hydroforming press by means of posi-
tioning elements. As a result, in turn, all parts are held
fixed in position and surrounded by the mold nests of the upper
part of the mounting device and lower die of the hydroforming
press. Then, the clamps are released and/or the suction pres-
sure reduced, and the upper part of the mounting device 1s
pushed up; and the upper part is removed from the hydroforming
press. Next, the upper die of the hydroforming press 1s put in
place, i.e. the hydroforming press is closed and the actual
hydroforming process takes place. In the meantime, further
mounting devices have been loaded in an independent sequence,

so that a cycle takes place within a very short time.

When the parts are being placed in the mounting device, all the
checking functions and securing measures are also carried out,
so that when they are introduced into the hydroforming press
there is no need to check the position of the parts, or at
least the position of the parts only has to be checked in a
very cursory fashion, since they are conveyed 1in such a manner

as to be protected from any changes in position.

A further way of achieving the object consists in the parts or

assemblies, after they have been put in place and fixed in the
mounting device, being held in the lower part of the mounting
device, likewise by clamping and/or suction. The mounting de-
vice is conveyed into the open hydroforming press and posi-
tioned beneath the upper die of the hydroforming press. The
upper part of the mounting device is removed and moved out of
the hydroforming press. The lower part of the mounting device,

together with the parts which are held therein, is lifted onto

L 24
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the upper die of the hydroforming press and the parts are then
held in the upper die of the hydroforming press in a function-
ally correct manner by means of clamping and/or suction. Then,
the connection between the parts and the lower part of the
mounting device is released and the lower part 1s moved out of
the hydroforming press. The further sequence of the method then

takes place as in the method variant which was described first.

To ensure the high degree of accuracy during production of the
camshaft in terms of the position of the cam rings on the
shaft, it is advantageous to check the position of all the

parts before the hydroforming press is closed.

The suction on the parts in the mounting unit and also 1in the
hydroforming die is applied by means of a commercially avail-
able vacuum pump, which generates a pressure reduction which

corresponds to the weight of the parts which are to be sucked

up.

The major advantage of the method according to the invention 1is
that the entire loading operation in the hydroforming press 1is
eliminated, apart from the introduction of the mounting device.
Consequently, the cycle time is very greatly reduced and pro-
ductivity is increased. The use of a plurality of mounting
devices makes it possible to provide large numbers for hydro-
forming. Furthermore, it is ensured that both the parts and the
hydroforming die are scarcely ever damaged by incorrect inser-
tion or by changes in position. The mounting device ensures
high process reliability, even in the event of a plurality of
workpieces being treated in a die or mounting device. The posi-

tion of the cams in the mounting device is checked by means otf
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known checking means and methods; and a final check before the
mounting device is introduced is carried out by establishing,

when the upper part is put in place, whether the position of

the parts is accurate, since otherwise closure is impossible.

Loading of the mounting device can be carried out manually or

automatically.

The device for carrying out the method is a mounting device
which is loaded independently outside the hydroforming press
and can be moved into the open hydroforming press on guide
elements. The guide elements are designed not only to convey
the mounting unit into the hydroforming press and back out, but
also to fit the mounting device onto the hydroforming dies 1n a
procedurally accurate manner. These guide elements are expedil-

ently designed in such a way as to perform the entire movement

sequence of the mounting device.

The mounting device comprises a lower part and an upper part.

Both parts have the same mold nests as the die lower and upper

parts of the hydroforming press.

The upper and lower parts of the mounting device are connected
to one another in a readily releasable manner by means of known
locating elements. Passages, which are connected to a vacuum
generator via flexible lines, are formed at certain locations
in the lower part and/or upper part of the mounting device for
accurate, immovable positioning of the parts. However, it 1is
also possible for clamping elements, such as for example clips,
to be arranged on or in the lower and/or upper part at suitable

locations for holding the parts; these clamping elements can
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easily be opened from the outside if the lower or upper part of
the mounting device were to be placed onto the lower or upper

die of the hydroforming press.

However, in order to ensure that the parts are held accurately
in the hydroforming die, which is necessary in particular 1if
the lower part of the mounting device has been connected to the
upper die and then moved out of the hydroforming press, 1in this
embodiment passages, which are 1likewise connected to a vacuum
generator, are formed in the upper die, substantially at the
same locations as in the upper part of the mounting device. In
the lower die of the hydroforming press, the water-removal

passages which are customarily present can be used for this

purpose.

The invention is described on the basis of an exemplary embodi-

ment. In the associated drawing:

Fig. 1 shows a mounting device in the open state with the

inserted parts for a camshaft, in cross section in the

region of a cam ring,

Fig. 2 shows a mounting device in longitudinal section A-A,

Fig. 3 shows a lower die of a hydroforming press with an upper

part of the mounting device located above 1it.

The mounting device comprises a lower part 1 and an upper part
2 and is illustrated in an open state in Figs. 1 and 2. Mold
nests 3, which are identical to the mold nests 3’ 1n a lower

die 4 and upper die (cf. Fig. 3) of a hydroforming press, are
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formed in these upper and lower parts. The two parts of the
mounting device are fitted accurately above one another using
locating pins 5 which latch into the bores 6. The mold nests 3
and 3’ are machined out so as to correspond to the functionally
related position and attitude of the cam rings 7 and hollow
shaft 8. To hold the inserted parts, the hollow shaft 8, and,
on it, the cam rings 7, in the correct angular position 7 after
they have been put in place (in particular if the lower part 1
is removed in order for the loaded upper part 2 to be placed
onto the lower die 4 of the hydroforming press), passages 3,
which are connected to a vacuum generator via flexible hoses
10, are provided in the upper part 2 of the mounting device.

The pressure reduction holds the parts immovably in their func-

tionally appropriate position.

To convey the mounting device from the mounting position 1into
the hydroforming press, there are guideways which run in guide
grooves. Positioning elements 12 are provided for procedurally

correct connection of the die to the upper and/or lower part

(1, 2).

In Fig. 3, the lower die 4 has not yet been loaded. The upper
part 2 of the mounting device is already located above the
lower die 4 in order to be lowered onto it. The hollow shaft 8
and the cam rings 7 are held in the upper part 2 by the pres-
sure reduction. The upper part 2 is lowered, and accurate guid-
ance, i.e. coinciding positioning, is ensured by the locating

elements 12, which latch into the bores 6.

The method according to the invention is carried out as fol-

lows.
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The cam rings 7 are introduced i1nto the mold nest 3 in the
lower part 1, on the hollow shaft 8, at a mounting station. In
general, functionally accurate positioning 1s precisely ensured
by means of the shapes of the recesses 1n the mold nest 3. In
addition, a position check can be carried out by means of a
suitable checking device. Then, the upper part 2 1s slowly
moved onto the lower part, guided by means of the locating pins
5 in the bores 6. This inevitably results in a further position
check, since the upper part 2 can only be put into place 1f the
cam rings 7 are accurately positioned. To prevent any change 1in
position during the subsequent conveying of the mounting device
into the hydroforming press (and also during placing of the
mounting device onto the lower die 4), a pressure reduction,
which applies suction to and holds in place the cam rings 7 and
the hollow shaft 8 in the upper part 2, 1s generated via pas-
sages 9, hoses 10. When the mounting device 1s 1n the hydro-
forming press, above the lower die 4, the lower part 1 of the
mounting device is lowered and moved out of the hydroforming
press. The upper part 2 of the mounting device 1is lowered onto
the lower die 4, with guidance from the positioning pins 12;
the suction pressure is removed and the parts are then posi-
tioned in the lower die 4. The upper die moves downward onto
the lower die 4, and the hydroforming process 1s carried out 1in
a known way. Then, the hydroforming die 1s opened, and the
finished camshaft is removed. In the meantime, the cam rings 7
are mounted on the hollow shaft 8 in a further mounting device,

so that the latter can be moved into the hydroforming press.
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Claims

A method of hydroforming a plurality of parts into a workpiece, the method

comprising:

(a)

(b)

(c)

(d)

()

(2)
(h)

(1)

positioning the parts in a lower part of a mounting device in a predetermined

arrangement relative to each other;

mounting an upper part of the mounting device onto the lower part to define a
mold nest therebetween in which the parts are held in the predetermined

arrangement;

securing the parts in the predetermined arrangement to the upper part of the

mounting device;

moving the upper part of the mounting device with the parts secured thereto

between upper and lower dies of a hydroforming press:;

locating the upper part of the mounting device and the parts secured thereto 1n
the predetermined arrangement on the lower die of the hydroforming press in a

preselected position relative to the lower die by means of positioning elements;

releasing the parts from the upper part of the mounting device to permit the

parts to be held in the lower die in the predetermined arrangement;
removing the upper part of the mounting device from the hydroforming press;
hydroforming the parts into the workpiece in the hydroforming press; and

removing the workpiece from the hydroforming press.

A method according to claim 1 additionally comprising, immediately following step

(1):

(f.1) checking positioning of the parts held in the lower die to confirm that

the parts are held in the lower die in the predetermined arrangement.

A method according to claim 1 additionally comprising, immediately following step

(d):
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(d.1) checking positioning of the parts secured to the upper part of the

mounting device to confirm that the parts are held in the predetermined

arrangement.

A method according to claim 1 additionally comprising, immediately following step

(b):

(b.1) checking positioning of the parts when the upper and lower parts of the
mounting device are positioned to define the mold nest therebetween,

to confirm that the parts are in the predetermined arrangement.

A method of hydroforming a plurality of parts into a workpiece, the method

comprising:

(a)

(b)

(d)

(€)

()

(2)

(h)

positioning the parts in a lower part of a mounting device in a predetermined

arrangement relative to each other:;

mounting an upper part of the mounting device onto the lower part to define a

mold nest therebetween in which the parts are held in the predetermined

arrangement;

securing the parts in the predetermined arrangement to the lower part of the

mounting device;

moving the lower part of the mounting device with the parts secured thereto

between upper and lower dies of a hydroforming press;

locating the lower part of the mounting device and the parts secured thereto in
the predetermined arrangement onto the upper die of the hydroforming press in
a preselected position relative to the upper die by means of positioning

elements:

securing the parts in the upper die in the predetermined arrangement and

releasing the parts from the lower part of the mounting device;
removing the lower part of the mounting device from the hydroforming press;

hydroforming the parts into the workpiece in the hydroforming press; and
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(1) removing the workpiece from the hydroforming press.

A method according to claim 5 additionally comprising, immediately following step

(€):

(c.1) checking positioning of the parts secured to the lower part of the
mounting device to confirm that the parts are in the predetermined

arrangement.
A method according to claim 5 additionally comprising, immediately following step

(b):

(b.1) checking positioning of the parts in the mold nest to confirm that the

parts are In the predetermined arrangement.

A method according to claim 5 additionally comprising, immediately following step

(f):

(t.1)  checking positioning of the parts in the upper die to confirm that the

parts are held in the upper die in the predetermined arrangement.

A method of hydroforming a plurality of parts into a workpiece, the method

comprising:

(a) positioning the parts in a lower part of a mounting device in a predetermined

arrangement relative to each other;

(b) securing the parts in the predetermined arrangement in the lower part of the

mounting device;

(¢) moving the lower part of the mounting device with the parts secured thereto

between upper and lower dies of a hydroforming press;

(d) securing the parts in the upper die in the predetermined arrangement and

releasing the parts from the lower part of the mounting device;

(€) removing the lower part of the mounting device from the hydroforming press;
(1) hydroforming the parts into the workpiece in the hydroforming press; and

(g) removing the workpiece from the hydroforming press.
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A method according to claim 9 additionally comprising, immediately following step

(b):

(b.1) checking positioning of the parts secured to the lower part of the
mounting device to confirm that the parts are in the predetermined

arrangement.

A method according to claim 9 additionally comprising, immediately following step

(€):

(e.l) checking positioning of the parts in the upper die by positioning the
lower die on the upper die to confirm that the parts are in the

predetermined arrangement.

A mounting device for feeding a hydroforming press, comprising:

a lower part and an upper part, wherein identical mold nests to those in a lower
die and an upper die of the hydroforming press for receiving workpiece parts
which are connected to one another in the hydroforming process, are formed

in the lower part and upper part,

the lower part and upper part being connectable in an accurately fitting manner

by means of locating pins;

passages tor holding the parts in place being formed in at least one of the
upper part and the lower part at locations where it is necessary to secure the

positions of the workpiece parts;
the passages being connected to a vacuum pump by means of movable lines;

guide elements connectable to the mounting device in such a manner that they

allow at least one of the lower and the upper part of the mounting device to be

conveyed into the hydroforming press between the upper and lower dies and

allow the part to be separately conveyed out of the hydroforming press; and

positioning elements arranged at at least one of the upper and lower part and

the upper and lower dies, ensuring accurately fitting connection between these

parts.

The device as claimed in claim 12, wherein the guide elements are connectable to the

mounting device in such a manner that they allow the mounting device to be conveyed
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into the hydroforming press between the upper and the lower dies, and allow the lower

part and the upper part to be separately conveyed out of the hydroforming press.

The device as claimed 1n claim 12, wherein clamps are arranged so as to position and

hold the parts in at least one of the lower and the upper parts of the mounting device.

The device as claimed in claim 12, wherein clamps for holding the parts in the correct
position are arranged in at least one of the lower and the upper parts of the mounting

device.

The device as claimed in claim 12, wherein the locating element in the upper and

lower parts of the mounting device are the same as those used for the accurately fitting

connection to the upper and lower die.

The device as claimed in claim 12, wherein one or more mechanical drives are
connected to the mounting device in order to move 1t into the hydroforming press and

onto the upper or lower die.

The device as claimed in claim 17, wherein the drives are electrical, mechanical.

hydraulic or pneumatic.

The device as claimed in claim 12, wherein the mounting device 1s connected to a

known feeding device and an associated magazine for the parts.

The device as claimed in claim 12, wherein passages are formed in at least one of the
upper and the lower dies of the hydroforming press in order to hold the parts in place

when at least one of the lower and the upper parts of the mounting device i1s being

released.

The device as claimed in claim 20, wherein the existing water-removal passages in the

lower die are used to hold the parts in place by suction.

WAT LAW\ 122740\7
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